Three-dimensional structure of the kringle sequence: structure of prothrombin fragment 1.
The three-dimensional structure of bovine prothrombin fragment 1 has been solved at 2.8-A resolution. The electron density clearly reveals four disulfide bridges along with more than 80% of the side chains completely in density, which correspond faithfully to the kringle sequence, its preceding 30 residues, and the dodecapeptide carboxy terminal; the polysaccharide and the first 35 residues of the amino terminal of fragment 1 are disordered or about 40% of the structure. The folding of the kringle sequence is based upon close disulfide van der Waals contacts between Cys-87-Cys-127 and Cys-115-Cys-139 (4.1 A between midpoints of the bridges), two antiparallel strands of highly conserved (113-118, 124-129) beta-structure, and the stacking of some conserved aromatic residues, all near the center of the folded structure. Moreover, the overall folding appears to be duplicated as a pair of stacked duplex loops with an antiparallel open loop. The overall shape of the kringle structure approximates an eccentric oblate ellipsoid of dimensions 11 X 28 X 30 A. The residues immediately preceding the kringle are dominated by alpha-helical structure (Phe-41-Cys-48; Leu-56-Glu-63). Residues Phe-41-Trp-42 and Tyr-45, which are conserved in factor IX, factor X, protein C, and protein Z, form another aromatic stacked cluster while the Cys-48-Cys-61 disulfide loop corresponds to the well-known alpha/beta structural unit. The dodecapeptide carboxy-terminal interkringle chain extends along the periphery of the kringle in its plane and forms a beta-structure with the kringle-closing Ser-140-Val-143 tetrapeptide.